SUMMARY Among 9977 public school children 6 to 9 years of age who were screened in late winter and spring of 1978 in Minnesota, statistically significant effects of individual observers, room temperature, time of day, and season were found after adjusting for multiple variables. Systolic blood pressure (SBP) for all children was lower with warmer temperatures in the examination room, whereas diastolic blood pressure (DBP) was directly related to the room temperature, after adjustment for other factors significantly affecting the variability of blood pressure. Morning measurements were also lower than afternoon measurements for SBP but showed little difference for DBP. Problems of standardization for establishing blood pressure ( 
Of the children enrolled in grades 1, 2, and 3 on the days of the screening, over 99% were examined, that is, less than 1% refused. Absent children were examined within 2 weeks of the initial screen. This exceptionally high response rate was due to a prolonged public relations effort in the months prior to screening. The majority of children ranged in age from 6 to 9 years (table 1) . Of these, 1865 were black, 8112 white, and the rest Native Americans or of other ethnic groups. This report is restricted to the measurements of the 9977 black and white children 6 to 9 years of age. There were 4904 girls and 5073 boys. All measurements were made in the schools, in rooms specially set aside by the schools.
Measurements
Room temperature to the nearest degree F was recorded each hour from a record of temperatures on previously calibrated thermometers.
For BP measurements, the date and time of day were recorded at the time the child began resting for the test. All measurements were made during school hours and scheduled for at least 1 hour after meals and at least 1 hour after physical education classes or strenuous physical activity. Because of these strictures, the numbers of children that could be screened in 1 day by a team of four technicians was limited to approximately 50 to 60 children. The date of birth for each child was obtained from school registers.
Ethnicity was judged by the observer as black, Native American, white or other. The children were asked if they were currently taking any medication.
Height was measured without shoes with the child standing straight against a 3 m rule taped to the wall and squared at its base with the floor. The rules had been checked against standards at the University of Minnesota. With the child looking straight ahead at an indicated point on the opposite wall, and heels, buttocks, and occiput touching the wall, the edge of a plastic right triangle was positioned perpendicular to the meter rule to be touching the top of the head, with the hair pushed down. The height was measured to the nearest centimeter.
Weight was measured with balance scales that were calibrated daily with standard weights. Weight was measured without shoes and all heavy garments removed. Above-the-waist garments were removed down to underwear and a loose-sleeved shirt was supplied by the study. Weight was measured to the nearest one-half pound and converted to kilograms later by computer.
Triceps skinfold thickness was measured over the back of the right arm at a measured point midway between the olecranon and the acromion. The midway point was marked with water-soluble ink and extended to the midpoint on the back of the arm over the triceps. The midpoint was measured with the arm against the body and the elbow flexed 90°. A full thickness pinch of skin was grasped horizontally 1 cm above the midpoint, and the skinfold thickness was read immediately after applying Lange calipers (square tipped) at the midpoint. The calipers were released and the measurement recorded to the nearest 0.5 mm. The skinfold thickness was measured with the arm pendant. A second measurement was repeated as before and recorded. The computed average of the two measurements is the value used for this presentation. The Lange calipers were checked monthly for tension and measurement accuracy using standardized weights. No recalibration of any instrument was required during the survey. The distance from the acromion to the olecranon of the right arm was recorded to the nearest 0.5 cm using tape measures calibrated against the height rule. The arm circumference was measured by circling the pendant arm at the marked midpoint to the nearest 0.5 cm without skin dimpling. The length of the "inner arm" was measured (with the arm pressed lightly against the body and the elbow flexed to 90°) from the anterior axillary fold to the forearm surface medial to the anterior cubital fossa to the nearest 0.5 cm. The wrist circumference was measured immediately proximal to the ulnar and radial epicondyles to the nearest 0.5 cm.
Blood pressure measurements were made by auscultation using a Hawksley Random-Zero sphygmomanometer modified to reduce the zero offset to a maximum of 30 mm Hg. Systolic blood pressure (SBP) was recorded at the first onset of at least two consecutive tapping sounds; diastolic fourth phase at the onset of at least two consecutive muffled sounds; diastolic fifth phase at the disappearance of sounds. 1 The BP was measured after each child's name and room number had been checked, and height, weight, and skinfold thickness measured. Each child then lay supine on a tabletop with a small pillow for head support. Specially made and standard pediatric cuffs were applied to the right arm according to arm circumference, as indicated in table 2. The cuff bladder sizes were chosen to be wide enough to cover at least 120% of the diameter of the upper arm, and long enough to encircle over 90% of the upper arm. All cuffs were commercially available except fdf cuff 3 (table 2), which was specially ordered from the Baum Company.
An explanation of the procedure and a demonstration were given to each child, and they were encouraged to be still for 5 minutes. Then a radial pulse rate was recorded for 30 seconds. The cuff was then inflated until the radial pulse disappeared; the pressure at disappearance was recorded. To the latter was added 20 mm Hg plus the maximum random-zero value for each sphygmomanometer. This computed value was designated the peak inflation value. Repeat calibrations of the random-zero machines were made against a standard mercury column during the course of the survey. After recording peak inflation, the child's blood pressure was measured. The arm was held vertically for 5 seconds, without hand clenching, to prevent venous pooling in the arm, and then returned to the rest position. Immediately the cuff was rapidly inflated to peak inflation level with the bell of the stethoscope (Littmann pediatric) placed over the brachial artery (the maximum pulsation of which had been determined earlier) -usually slightly above and medial to the anterior cubital fossa on the upper arm. The cuff pressure was lowered at a constant rate of 2 mm/sec until systolic blood pressure (SBP), diastolic Korotkoff fourth phase (DBP 4 ) and diastolic fifth phase (DBP 5 ) were recorded to the nearest 2 mm Hg. The arm was raised again vertically for 5 seconds.
After at least 30 seconds, the blood pressure measurements were repeated. The average of the two readings for S, D 4 , and D 6 was used in subsequent analysis of blood pressure data.
Observers
All 27 observers in the study were lay people with previous training and experience in interviewing and blood pressure measurement. They rotated every 30 minutes among two BP-measuring stations, one bodysize measuring station, and one receptionist. Observers were young-to-middle-aged white women, except for two young white men, and one black woman. Each of five examination teams carried their own Lange calipers, height rule, measuring tape, weight scale, thermometer, two random-zero sphygmomanometers, and two stethoscopes.
All observers underwent 2 weeks of full-time training before being assigned to the field. All measurements were repeatedly practiced and observed by the study supervisors. Blood pressure measurement was taught by lecture and training tapes of Korotkoff sounds. 1 The observers had to pass written tests and tape tests and Y-tubc comparisons with the supervisors before being assigned to the field. Once in the field, the means of measurements of each observer were compared each week with the mean of all observations to that point, and Z-scores computed. Zscores were kept for each observer, consisting of the difference between the observer's mean reading and the overall mean divided by the standard error of the difference. The comparisons were adjusted by the children's age, and any significant deviations from the overall mean resulted in recall, observation, retesting, and retraining of the observer at error. Additionally, study supervisors made regular visits to each school site to observe the procedures. At the midpoint of the survey, all observers were retested and observed.
Results Table 3 presents the BPs of children aged 6 through 9 years; SBP, DBP 4 , and DBP 6 increase with age. These data were analyzed to assess the effects of several potential methodological determinants and the adequacy of the safeguards in the protocol designed to minimize their effects. The following will be considered: observer bias, cuff size, room temperature, time of day, month, medication.
In spite of rigorous training there were variations in BP measurements made by observers. An analysis of covariance adjusting for weight (weight having been shown in analysis to be the best single measure of body size for predicting BP level) yielded measures of observer effect for each observer. Significant, but small, deviations were noted for 11 of the 27 observers for SBP and larger deviations for 15 of 27 observers for DBP 4 (table 4). The BP measurements made by each observer were adjusted for the observer when performing multiple regression analyses with the BP as the dependent variable. Two observers (Nos. 11, 18, table 4) were removed from the study partially because of large systematic differences in their BP measurements. Among the others, however, training and use of random-zero sphygmomanometers led to virtual elimination of errors due to digit-preference.
Arm size and cuff size were not significantly related to SBP or DBP 4 levels after adjusting for the other measured variables of age, race, sex, pulse rate, height, body mass index (BMI-kg/m l ), room temperature, observer, time of day, and month of observation.
The temperature in the examining rooms within 1 hour of BP measurements was independently and significantly correlated with BP. The effect is small for midranges of temperature. Both SBP and DBP 4 can be seen to be affected differently by room temperature ( fig. 1 ). The SBP is inversely related to room temperature and decreases with increasing temperature, whereas the DBP 4 is directly related to room temperature and increases as temperature increases. The univariate trends are shown in figure 1 , but the relationship remains statistically significant after adjustment for other variables, including pulse rate, which affect BP variability.
Morning SBP measurements were approximately 2 mm Hg lower than in the afternoon, but DBP 4 exhibited minimal differences. For boys, the mean and In March, SBP was more than 1 mm Hg higher than in January and February, and in April SBP was higher than in March. For DBP 4 , pressures were lower by more than 2 mm Hg in March and more than 3 mm Hg in April compared to January and February. This was after multiple regression analysis adjusting for all other variables.
History of current medication was given by 11.5% of the children and had no significant effect on blood pressure. Most medication was aspirin or antihistamines. No children were on anti-hypertensive drugs.
Discussion
Current analyses of BP data of nearly 10,000 children aged 6 through 9 years indicate that, despite a carefully designed protocol that succeeded in eliminating most sources of methodologic observation bias, the effects of individual observers, room temperature, time of day and month (season) were statistically significant determinants of BP independent of multiple other factors. The magnitude of these effects was great enough to be of clinical as well as epidemiological interest, and are of great importance in interstudy comparisons and selection of normal BP standards.
Despite the well-documented importance of posture, arm position, cuff size, and number of readings, many of the often-quoted studies that formed the basis for currently recommended standards are not comparable in these regards. 2 "* Information about observer effects, room temperature, etc. is seldom available.
Building upon the experience of numerous previous studies, we designed the current survey's BP measurement protocol to serve as a model for research and clinical applications, which, if followed, would allow the current large BP data set to be used for interpopulation comparisons and clinical norms. The supine posture was chosen to obviate errors in arm position.
7 -' A protocol for cuff size selection was developed (table 2) . Using commercially available cuff bladders and one 9 X 30 cm cuff bladder, application according to arm circumference eliminated the "cuff size effect" in this study. Approximate size of cuff bladders for adequate estimation of BP in children has been less well studied than for adults. The American Heart Association suggested use of a cuff bladder width for children such that the cuff covers at least two-thirds of the arm above the elbow." In other words, it related the cuff bladder width to the length of the upper arm rather than to the diameter of the arm (^ 120%) as it did for adults.
Earlier, in 1955, Guntheroth and Nadas, 10 reviewing methods of BP measurement in children, also stated that the cuff bladder width should be two-thirds the length of the upper arm or leg on which blood pressure was measured. This same group of workers later changed their recommendations of cuff bladder width to one that related to the diameter rather than the length of the limb.
11 -;1 Voors 1 ' addressed the problem of correct cuff bladder length for children and showed that cuff bladders that encircled at least 90% of the entire arm circumference (with a fixed bladder width) eliminated the effect of arm circumference. However, neither Voors nor Guntheroth and his co-workers studied the interaction of cuff bladder width and length, and both studies suffer from the possibility of observer bias.
In our study, cuff sizes that were commercially available were adjusted by arm circumference to come as close as possible to Voors and Guntheroth's suggestions. In 95% of the measurements, cuff bladders encircled at least 90% of the upper arm, and in 88%, the cuff bladder length was 2t 120% of the inner length of the upper arm. And as it turned out, more than 73% of these measurements were made with a specially-designed cuff bladder of 9 X 30 cm. This indicates that longer cuff bladders with more variable cuff widths should be introduced for use in measuring children's blood pressures.
The level of observer training is rarely described by other studies of children's blood pressure but clearly may influence the results. Ordinary mercury clinical sphygmomanometers were used in many studies, with the strong possibility of measurement bias and digit preference. 3 
Use of automatic machines might reduce some of the problems of observer bias but are expensive and unlikely to be used in clinical settings. One study used an automatic device but observed persistence of some observer effects. 18 Our study and one other used less expensive random-zero devices.
1 ' Time of day and room temperature were found to have significant effects on BP in our study, and these factors were not generally considered in other studies. The findings of lower pressures in the morning compared to the afternoon differ from studies of repeated intravascular measurements of BP in hypertensive adults, which showed a progressive drop in both SBP and DBP from a peak at midmorning. 20 Among a population of normal adult men, however, BP was found also to be lower in the morning than the afternoon." The latter study, contrary to the present one, observed decreased DBP 0 (disappearance of sounds) with increasing room temperature. That relationship was not examined for the effect of other variables. In our study SBP did decrease with warmer temperatures. Later analyses will examine the effect of outside temperatures with room temperature and season.
Rose 22 has demonstrated seasonal change of BP in men with ischemic heart disease. Seasonal changes may be difficult to overcome in establishing tables for normal BP in children. In our study, 27 technicians took 3.5 months to record their measurements; even in this short time span there was a seasonal effect independent of other recorded variables affecting BP level. A subsample of the present group is being repeatedly screened in the fall and spring of each year, and analysis of those results might resolve this problem.
There is only a very small effect of room temperature on BP in the moderate ranges of 68°-76° F. Suitable attention to this fact will help obviate the need to adjust for it. Nevertheless, the wide range of temperatures observed in the schools give warning that assumptions of a "comfortable" temperature is not good enough for field studies even when heating or air conditioning is present.
Standards need to be established and promulgated for observer training, cuff bladder size, and type of sphygmomanometer, use of stethoscope, body posture, number of measurements, and length of rest period. This is especially important now that recommendations have been made for annual BP measurements and rescreening and observation of children with BP greater than the 95th percentile.* We recommend the following for reasonably biasfree measurements of BP in children:
1. A cuff bladder width that is ^ 120% of the diameter of the upper arm or leg at the midpoint. 2. A cuff bladder length that is ^ 90% of the circumference of the upper arm or leg at the midpoint. 3 . Measurement of BP in the supine position, after at least 5 minutes of rest. 4. Measurement of BP in a room, free of distraction, with the temperature controlled between 68° and 76°F. 5. Placement of the bell of the stethoscope over the brachial artery. 6. Elevation of the arm, without hand clenching, between repeat measurements, and a waiting period at least 30 seconds to prevent forearm congestion.
The training and testing of non-physician technicians has been presented by us elsewhere. 1 Choice of sphygmomanometers other than the usual clinical mercury instrument will likely depend on cost, convenience, maintenance, validity, and repeatability. The needs for surveys, scientific experiments, and clinical use are different and should be borne in mind when future recommendations are made regarding selection of machines. Automatic machines will not obviate the need to pay attention to the technique and circumstances of measurement.
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